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Abstract 
The implementation of solar PV system highly  depends on local climat ic conditions. Climate change will 
lead to new conditions for renewable energy resources, the energy conversion behavior of PV system may 
also change. In order to predict the future performance of PV systems, the morphing method is employed 
to generate the future hourly global irrad iation data. Using computer simulating software, the impact of 
the fluctuating weather is analyzed based on the optimizat ion of a PV/grid hybrid renewable energy (HRE) 
system in Rockhampton, Australia, including energy analysis and annual greenhouse gases emissions.  
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1. Introduction 
Solar PV power system is seen as an important solution for energy crisis and environmental problem. 
However, a long-term change of the climate, has  included the uncertainty in solar PV systems ’ response 
to the changing solar irradiation likewise as all the other climatic conditions.  
The impacts of climate change on the solar energy resources data and PV systems ’ implementation 
have been highlighted in  a number of research projects, based on the solar irradiation data p rediction [1]. 
Overall, these studies are able to confirm that under climate change the solar energy resource would be 
more significant, but the extent dependent on climate change would  vary region to region. Few prev ious 
studies presented quantified information on the consequence of change in electricity generation due to 
potential climate change. Moreover, in spite of some studies investigated the performance of PV power 
generation [2], they used historical data not the future data considering climate change. The quantified 
information on the future performance of PV systems running under the future climate as yet is unclear.  
This paper studies the impacts of climate change on the perfo rmance of a PV power system in 
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Australia. Through developing computer simulations, the extent of changed electricity generation and 
carbon dioxide emission mitigation imposed by external solar irradiation change is  analyzed. These 
results provide resident occupants and energy consultants with information on what extent of energy  
saving and emission reduction caused by climate change. It is believed that the results from this research 
will form a basis for the formulation of government incentives policies and renewable energy subsidies 
regulation. For the electrical sector and industry, these results can be used as a reference to make the best 
solar energy strategies. 
2. Research Methodology  
The reported research was undertaken using computer-based renewable energy system simulat ion, 
with forecast weather data and sampling PV system model as the inputs. 
This section introduces the data generation and PV system simulat ion tool. The results of an Australian 
PV system simulation process, regarding to all electricity generation and carbon dioxide emission 
reduction will be discussed in the next section. 
Hourly  global solar irradiat ion is the critical factors of solar  PV energy resource, which  is collected 
from the Bureau of Meteorology (BOM) of Australia [3]. For the Australian  climat ic conditions, the 
seven states (Queensland, Northern Territory, South Australia, Tas mania, Victoria, Western  Australia and 
New South Wales) are listed in Table 1. The data of airport weather station of the capital cities of these 
seven regions are shown in Table 1. The average solar data is between 3.83 (Tas mania) and 5.79 
(Northern Territory) kWh/m2/day. This is largely due to their d ifferent latitude. The higher latitude 
location has the lower solar irradiation. 
In 2007 the Intergovernmental Panel on Climate Change (IPCC) released their fourth assessment 
report about the impacts of climate changes on human and natural systems throughout the world including 
Australia [3]. The solar irrad iation is predicted based on the different emissions  and error scenarios until 
2030 (Figure 1) or 2070 (Figure 2). In the report, the 50th percentile (the mid-point of the spread of model 
results) provides a best estimate result. The 10th and 90th percentiles (lowest 10% and highest 10% of the 
spread of model results) provide a range of uncertainty.  
 
Table 1. The information of weather stations 
States or 
Territories 
Weather Station Coordinator Irradiation 
(kWh/m2/day) 
Eva. 
(m) 
Queensland Brisbane International Airport 27.4 S, 153.1 E 4.99 10 
Northern Territory Dawin Airport 23.8 S, 133.9 E 5.79 30 
South Australia Adelaide International Airport 35.0 S, 138.5 E 4.95 8 
Tasmania Hobart Airport 42.8 S, 147.5 E 3.83 27 
Victoria Melbourne International Airport 37.7 S, 144.9 E 4.22 119 
Western Australia Perth International Airport 31.9 S, 116.0 E 5.22 20 
New South Wales Sydney International Airport 33.9 S, 151.2 E 4.55 5 
 
In this study, five weather data files are required to represent the five weather scenarios: 
Scenario 1: Present climate - actual observed hourly weather data selected as the test reference year for 
a specific study site 
Scenario 2: Future climate - year of 2030, low case, 10% percentile 
Scenario 3: Future climate - year of 2030, high case, 90% percentile 
Scenario 4: Future climate - year of 2070, low case, 10% percentile 
Scenario 5: Future climate - year of 2070, high case, 90% percentile 
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Based on the climate change scenarios predicted by the government research agency Australian 
Commonwealth Scientific and Industrial Research Organization (CSIRO), the solar data is modified by 
the morphing method to generate the future hourly weather data for each capital city in Australia. 
Figure 1. Solar irradiation prediction Queensland, 2030 Figure 2. Solar irradiation prediction Queensland, 2070 
 
The morphing method is employed to generate the future solar data for the system simulation. This  
method was developed by Belcher, Hacker, and Powell in  2005 [4]. The method was used to produce 
design weather data for building thermal system simulations that accounts for future changes to climate. 
In the morphing method, the baseline climate is defined as the present -day weather sequence averaged 
over a number of years. The appropriate scaling factor can be obtained from the absolute change and the 
monthly mean from the observed baseline climate [4]: 
  mgsrmDSWFmgsr !' 0/1D  (1) 
This scaling factor is then applied to all months m in the time series using Equation 2. 
 0gsrgsrgsr m u D  (2) 
The correct absolute increase in  monthly means for the transformed time series is obtained. According 
to this method there is increased solar irradiance on sunny days, but the number of sunny days is 
unchanged [4]. 
3. A case study of Rockhampton 
The research location of this study Rockhampton is a major regional center of Central Queensland. 
The historical solar irrad iation data and climate change scenarios are collected  aiming to the 
Rockhampton city. 
The sample system in  Rockhampton is simulated by HOMER software. The PV array size is 6 kW, 
and the type is thin films PV generating DC power. Two S4KS25P batteries, produced by Rolls/Surrete 
company, are chosen as a storage component. Six inverters are added as the CD/AC converter. The grid 
which has 924 g/kWh CO2 emission is also connected in the model. When the PV power generation is  
more than the electricity consumption, the PV electricity is  sold to the grid. When the PV power 
generation is less than the electricity consumption, users purchase electricity from the grid. 
 3.1 Data prediction 
The hourly global solar irradiation data is obtained by Equation 4 and 5. Five solar resources data files 
with 8760 hourly  data for each are generated for the five climate scenarios. As shown in  Figure 5, the 
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daily mean global solar irrad iation for different scenarios have the same profile but the values vary from 
scenario to scenario. The scenario 5 (2070 High) has the highest solar irradiat ion more than 700 W/m2 at 
14:00, and the scenario 4 (2070 Low) has  the least solar irrad iation around 650 W/m2 at the same time. As 
seen from the five curves, the morphing  ratio  is  dependent on the percentiles and emission amount of the 
scenarios as introduced above. 
3.2 System simulation results 
The system simulation results are shown in Table 2. The system running under the present climate 
generates electricity 9000 kWh/year and its renewable fraction is 55% and annual CO2 emission is 1461 
kg. The most PV power generation is seen from the 2070 High scenario which is  9725 kWh/year. This 
scenario has the least CO2 emission 931 kg/year and the highest renewable fraction 57.3%. 
Table 2. Simulation results for  all the climate scenarios 
Scenarios PV generation 
(kWh/year) 
Grid Electricity 
consumed (kWh/year) 
Renewable 
fraction (%) 
CO2 emissions 
(kg/year) 
Present climate 9000 7360 55 1461 
2030 Low 8837 7393 54.4 1585 
2030 High 9344 7299 56.1 1206 
2070 Low 8654 7427 53.8 1727 
2070 High 9725 7241 57.3 931 
4. Conclusion 
Through investigating the historical solar resource data and  Australian climate change scenarios, the 
future solar data is predicted fo r solar PV system simulat ion. The morphing method is used to generate 
the hourly global solar irrad iation data for Rockhampton, Queensland, Australia. A PV system with a load 
of 23 kWh/day and 6 kW  of solar array is simulated by HOMER software. The electricity generation and 
CO2 emission reduction are compared between d ifferent climate scenarios (present climate, 2030 Low, 
2030 High, 2070 Low and 2070 High).  
It is found that for the 2070 High scenario, the solar PV generates the most electricity (9725 kWh/year) 
and has the highest renewable fraction (57.3%). Th is performance is better than the PV system running 
under the present climat ic conditions. The least PV power generation and the lowest renewable fraction is 
seen from the 2070 Low scenario, respectively 8654 kWh/year and 54.4%.  
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